Background: The database of the German Institute of Medical Documentation and Information makes it possible for the first time to compute statistics on diabetes for all insurees of the statutory health insurance scheme in Germany. Data from this comprehensive source are less likely to be biased by differences in the membership structures of individual insurance carriers or by the underrepresentation of persons over age 80 that is seen in most population-based studies.
Methods: International Classification of Diseases (ICD)-coded diagnosis data from the inpatient and outpatient sectors were used to define persons as having diabetes. Incidences were estimated from differences in prevalence from one year to the next and the expected mortality of persons with and without diabetes.
Results: A diabetes diagnosis was present in 6.4 million out of a total of 65.6 million insurees in 2009 and in 6.7 million out of 64.9 million insures in 2010. The corresponding age and sex standardized prevalences of diabetes were 9.7% in 2009 and 9.9% in 2010, respectively. The number of persons with type 2 diabetes was 4.6 million in 2009 and 4.7 million in 2010. The prevalence and incidence of type 2 diabetes rose steeply from age 50 to age 80. Peak incidence was at age 85, with 24 newly diagnosed cases of diabetes per 1000 person-years.
Conclusion: On the basis of these data, we estimate that 5.8 million persons with type 2 diabetes are living in Germany today. The database used in this study is a valuable complement to population-based studies for monitoring the prevalence of diabetes, particularly in persons over age 80. ►Cite this as: Tamayo T he German Institute of Medical Documentation and Information (DIMDI, Deutsches Institut für Medizinische Dokumentation und Information) was commissioned through the Data Transparency Regulation of 2012 to collect and process data from different areas of routine health care (1) . This new data set provides comprehensive routine data from German statutory health insurance funds for the first time. In the case of type 2 diabetes it is known that the prevalence varies among policyholders from different insurance companies. The nationwide, population-based German National Health Interview and Examination Survey for Adults (DEGS1, Studie zur Gesundheit Erwachsener in Deutschland) of the Robert Koch-Institute (RKI) estimated the overall prevalence of type 2 diabetes in the whole population between 18 and 79 years of age at a total of 7.4%, made up of 9.0% for policyholders of the AOK (a large general statutory health insurance fund) and 7.0% for policyholders of substitute health insurance funds (2) . Older population groups over 80 years of age and individuals who are in nursing homes or hospitals at the time of investigation, however, are underrepresented in epidemiological studies, with the result that projections for the total population are inaccurate. In fact, according to the census of 2011, around 4.2 million people in Germany were over 80 years of age (3) . Routine data, therefore, often provide the only way of depicting the situation of older and hospitalized population groups. By including data from multiple insurance companies as well as in people over 80, the DIMDI data set closes an important data gap for Germany by facilitating more comprehensive estimates of the prevalence of type 2 diabetes. The prevalence of type 1 diabetes can also be determined on the basis of the data provided by DIMDI. Thus, this data set complements registry data from Baden-Württemberg, North Rhine-Westphalia and Saxony, which are limited to children and young adults (1, 4) .
The present study not only calculates the overall prevalence and incidence of diagnosed diabetes mellitus in Germany with a particular focus on type 2 diabetes, but also the age and sex specific prevalence and incidence including the age group of those over 80.
Methods

Information system, medical care data (DIMDI data set)
The Statutory Health Insurance Healthcare Provision Act (GKV-VStG, GKV-Versorgungsstrukturgesetz) passed on 22 December 2011 revised data transparency regulations ( § § 303a et seq. Code of Social Law V; SGB, Sozialgesetzbuch). With the data transparency regulation (Datentransparenzverordnung) issued on 10 September 2012 (Federal Law Gazette I p. 1895), DIMDI was finally commissioned to implement the regulations governing data transparency. The routine health insurance data on morbidity-related risk stratification reimbursement (Morbi-RSA, Morbiditäts-Risikostrukturausgleich) now flow into the information system of medical care data of DIMDI. These data are collected by the Federal Social Insurance Authority (BVA, Bundesversicherungsamt) and are passed on to DIMDI (2) . Controls for the completeness and plausibility of the data are regulated in § 273 and § 268, paragraph 3, sentences 1, 2 and 14 SGB V and guaranteed by the BVA. DIMDI provides aggregated data in accordance with strict data protection regulations (5). This study analyzed diagnostic data from the ambulatory and hospital sector and reimbursements in 2010 and 2011 (report year), and included all policyholders who were insured for at least 360 days per year by one of the statutory health insurance funds (GKV). Using this criterion, policyholders who died, moved abroad, or changed to or from a private insurance fund during the report year, for example, were not included in the analysis (6). The dataset includes information from the four quarterly periods of the respective previous years (2009 and 2010). Overall, this study was able to analyze diagnostic data from approximately 80% of Germany´s resident population: The study included data of 65.6 million patients who were insured with a statutory health insurance fund for all four quarters of 2009, and data of 64.9 million insured patients respec tively in 2010 (7, 8) .
Definition of diabetes
The International Classification of Diseases (ICD) codes E10.0 to E14.0 were used to define type 2 diabetes: For data originating in the outpatient area, the additional ICD-tag "G" for a confirmed diagnosis was required in order to increase the diagnostic validity. An additional tag is obligatory in the out-patient area (9) .
Multiple diagnoses (double diagnoses) could occur, due to the fact that different care providers such as primary care physicians, clinicians or experts assessing eligibility for welfare benefits made multiple diagnoses during the course of the four quarterly periods of the report year in some cases. The handling of double diagnoses will be explained in the eBox. All year-round policyholders were collectively assigned to one of the following six groups: Prevalence (95%-confidence intervals) and incidence of type 2 diabetes for male and female policyholders of German statutory health insurance funds over 40 years of age (2009, 2010)* * The prevalence has been calculated for age groups of 10 years. The estimation of the incidence refers to the mean age of the respective age group. Py, person-years; R, incidence estimations based on the Danish ratio of mortality risk (individuals with and without diabetes); R ± 15%, mortality risk ratio 15% above respectively under the Danish estimates 
Statistical analysis
Overall prevalence and corresponding confidence intervals were calculated for the entire sample of 2009 and 2010 respectively and standardized according to age and sex for the German population (status 31 December 2007). Incidence is commonly estimated using longitudinal studies of individuals. Since the prevalence of an illness or disease is a function of incidence and mortality, it is possible to estimate the incidence in cross-sectional studies, if-as in this case-the prevalence is known at two points in time and the mortality is known in the populations with and without disease (10) . A more detailed description of the method of estimating the incidence can be found in the eBox.
The disease-specific mortality data of individuals with and without diabetes are not available in Germany; therefore estimates for the Danish population had to be used (11) . Three different scenarios were chosen for the estimation of incidence: (a) the ratio of mortality rates in Germany more or less corresponds to the rates in Denmark, or (b) lies within a 15% range above or (c) below the values determined for Denmark (12, 13) . The annual estimates of the mortality in Europe carried out by the World Health Organization (WHO) in both countries indicate a slightly lower (around 7%) age-standardized, overall and diabetesrelated mortality in Germany for 2009 to 2012. This indicates a high degree of comparability of the ratio of mortality rates in both countries (13) .
The calculated confidence intervals are only shown in Table 1 and 2, because they turned out very small due to the high number of cases of approximately 65 million policyholders. All analyses were conducted using the statistic software R, version 3.0.1 (The R Foundation of Scientific Computing).
Results
Diabetes (E10.-to E14.-) was diagnosed in a total of 6.4 of 65.6 million policyholders from statutory health insurance funds (from the age of 0 up) in 2009. This corresponds to a prevalence of 9.8%. In 2010 the disease affected 6.7 of the 64.9 million policyholders, representing 10.1%. Following standardization for the German population (31. December 2007), the total prevalence of diabetes was calculated to be 9.7% (2009) and 9.9% (2010) respectively. Type 1 diabetes accounted for 0.3% in both years, and the remaining diagnoses, i.e. of other as well as unclear diabetes, accounted for 2.5%. In 2009, 6.9% of policyholders from statutory health insurance funds were diagnosed with type 2 diabetes; 2010 it was 7.3%. After standardization, prevalences of 6.9% (2009) and 7.1% (2010) were derived.
The Figure shows that the prevalence of type 2 diabetes increased markedly in both years of investigation starting approximately at the age of 50. The prevalence reached its peak at around 25% at age 80, among policyholders from statutory health insurance funds. The prevalence of type 2 diabetes was significantly higher for men than for women between the ages of 40 and 80 (Figure) . In the over 80-year-olds, the prevalence for both sexes remained approximately equal and decreased after the age of 100 to 16.5% and 17.7% respectively (Figure) .
A slight increase of the prevalence of type 2 diabetes in comparison to the previous year was found for women (from 6.8% to 7.1%) and men (7.1% to 7.5%). This could be observed as a trend in all age groups (Table 1, Figure) . The prevalence increased for women in the older age groups from 70 years on by 0.4-0.8% ( Table 1) .
For policyholders over 40, i.e. in the age groups with an increased risk of diabetes, the incidence of type 2 diabetes was derived from the prevalence and mortality. It became apparent that the incidence for men was higher than that for women in all age groups ( Table 1) . Between the ages of 50 and 89, women had an incidence rate which corresponded approximately to the one of men 10 years younger. The highest incidence for both sexes was between the ages of 80 and 99 ( Table 1) . The total incidence above 40 years only varied slightly between the three scenarios of the ratio of mortality rates.
The estimates of the prevalence of type 2 diabetes were initially made using a conservative approach in order to describe cases of diabetes that could be verified as well as possible. When unclear diagnoses of diabetes are included, however, the prevalence of type 2 diabetes is considerably higher. Additional cases of type 2 diabetes may, for example, be masked by the diagnosis of unspecified diabetes (E14.-). Table 2 shows the estimates of prevalence for all diagnostic groups (E10.-to E14.-) in three age groups, each of which is stratified according to sex and the year of observation. The combined diagnosis for type 1 and type 2 diabetes (inconsistent diagnosis) as well as the exclusive diagnosis of unspecified diabetes (E14.-) were particularly common in the age group above 80 years with a prevalence of approximately 3% each. Among the 20 to 79 year olds roughly 2.5% were attributable to each diagnostic group. The ICD-codes E12.-and E13.-(other diabetes) were seldom found in patients under 80. But they constituted roughly 1% for policyholders of statutory health insurance funds from the age of 80 on. Comparing both years, the differences were marginal for other, unclear and unspecified diabetes (E12.-to E14.-) ( Table 2 ). Discussion 4.6 million of the 65.6 million policyholders (2009) and 4.7 million of the 64.9 million policyholders (2010) from statutory health insurance funds were diagnosed with type 2 diabetes. Hence the age and sex standardized prevalences were 6.9% (2009) and 7.1% (2010) respectively. Projected onto the whole German population in 2010, this equals 5.8 million people with diagnosed type 2 diabetes for the same year. Taking into account all diabetes diagnoses (E10.-to E14.-), the number of affected policyholders of statutory health insurance funds increased to 9.7% (2009) and 9.9% (2010). Projected onto the total German population, up to 8.1 million patients suffered from diabetes mellitus in 2010. Type 2 diabetes was rare under the age of 20, but increased rapidly between the ages of 50 and 79 from 4% to 17% for women and from 6% to 26% for men. Above the age of 80, the number of diagnosed cases stayed consistently high at 24.2% (2009) and 27.7% (2010) respectively. Furthermore, the highest incidence of diabetes was found around the age of 85.
The prevalence of type 2 diabetes in population-based studies
On the basis of type 2 diabetes self-reports obtained from patients, the prevalence of the disease in the population-based DEGS1 study of the Robert Koch Between the age of 70 and 85 years a peak became apparent with comparable rates of prevalence between 20 and 25% (23) .
Limitations and strengths
The data set provided by DIMDI for policyholders of statutory health insurance funds shares the strengths and limitations of all secondary data sets. With around 65 million GKV-policyholders per year, a comprehensive picture of diagnosed diabetes in Germany evolves which includes patients over 80 years of age. On the basis of secondary data (without standardized glucose measurements or glycated hemoglobin values for persons without diagnosed diabetes), however, no statements can be made concerning the unknown number of unrecorded cases, i.e., diabetes that has not been detected or diagnosed. Furthermore, the types of diabetes are de facto defined using inconsistent standards with the result that the specification as well as the time of diagnosis are fraught with inaccuracies. Sensitivity analyses for all diabetes diagnoses were used to assess inaccuracies. Moreover, no statements can be made for individuals who died, moved abroad, or changed to a private insurance fund during the report year. Individuals with diabetes have an increased mortality risk in comparison with individuals without this disease. On the one hand, individuals who died during the report year potentially suffered from type 2 diabetes with disproportional frequency. This could have led to a slight underestimation of the prevalence of diabetes. On the other hand, young, employed and healthy individuals may have changed with disproportional frequency to a private insurer. Thus an overestimation of the prevalence of diabetes cannot be excluded either. Both distorting effects could, however, have canceled each other out. The Danish mortality data used for the estimation of the incidence should be mentioned as further limitations. On the basis of comparable treatment options for individuals with type 2 diabetes in both neighboring countries, however, it can be assumed that the deviation remains within the mode's margin for error of ± 15% (13) .
Conclusion
At least 5.8 million individuals in Germany have received a medical diagnosis of type 2 diabetes. The incidence of type 2 diabetes between 80 and 89 years of age was the highest ranging at 29 for men and 24 for women respectively per 1000 person-years. Overall every fourth individual in Germany over 80 years of age suffers from type 2 diabetes. More information regarding the extent of necessary medical care, the risk of complications and the mortality of this large group of patients is urgently needed. All in all these DIMDI data may well be suited for the surveillance of diagnosed diabetes.
Institute (RKI) conducted from 2008 to 2012 was estimated at 7.2% (women 7.4%, men 7.0%) for the age group between 18 and 79 years. The data were comparable in range with those of the study we are presenting here (2) . The prevalence of diabetes for male policyholders of statutory health insurance funds between the age of 20 and 70 years was higher than that for women in the same age group (men: 2009: 8.3%; 2010: 8.7%; women: 2009: 6.7%; 2010: 7.0%). These findings differ from the results of the DEGS1, but correspond with data of other population-based studies such as the KORA study, the DIAB-CORE Consortium or the Diabetes Atlas of the International Diabetes Federation (IDF) (14) (15) (16) (17) (18) . Since the definition of diabetes in the DEGS1 was based on patient information without precise specification of the type of diabetes, it is possible that cases of gestational diabetes were included in the female population. This type of diabetes was excluded from the analysis of policyholders of statutory health insurance funds being reported here, or other population-based studies (KORA, DIAB-CORE).
Comparison with secondary data-prevalence above 80 years of age Secondary data based solely on individual or regional health insurance funds are currently the only basis for comparative analyses with respect to patients over the age of 80. Only the Techniker Krankenkasse (TK) provided detailed analyses of age groups. For the policyholders between 80 and 90 years of age, 24% were identified with a type 2 diabetes (19) . This result corresponds closely to the DIMDI dataset. The incidence (per 1000 person-years) for policyholders of statutory health insurance funds in all age groups, however, was at least twice as high as the incidence for TK policyholders (19) . The differences can probably be explained by differences in the definition of type 2 diabetes as well as by the way multiple diagnoses were dealt with by the TK study. This could have led to an underestimation of the incidence. Across Germany as well as on the level of federal states (Hesse), the total prevalence of 4.7% in TK policyholders was significantly lower than that for policyholders of statutory health insurance funds and of the AOK health insurance company (20, 21) . An age and sex standardized overall prevalence of 9.8% of diagnosed diabetes was determined for all AOK-policyholders in 2010 (20) . The AOK studies show a close correspondence with the total prevalence of diabetes for policyholders from statutory health insurance funds as well as with the development of the disease with age. This can be said in spite of methodical differences such as the consideration of medication and outpatient diagnoses in three of four quarters (20, 22 
Method of incidence estimation
The incidence was calculated using a differential equation in which the age and sex specific estimations of the prevalence as well as of the relative risk of mortality for the population with and without diabetes were taken into account (24) . i = (∂/∂ t + ∂/∂ a)p + m × PAR where PAR = p(R-1)/[pR + (1-p)] In the above equation, the incidence (i) is modelled from the time-(t) and age (a) dependent change of prevalence (∂/∂ t + ∂/∂a) p, the mortality (m) and the population attributable risk (PAR). The PAR can in turn be computed from the prevalence (p) and the ratio of mortality rates (R) for individuals with diabetes in comparison to those without. This method has already been compared to further methods of incidence estimation, for example to the integrated hazard function and the person-year Method (25) . It became apparent that the different methods compared well when the number of cases was high (N = 100 000). The method used in this study is therefore also suitable for narrowly defined age groups (for example one-year-groups like in Table 1 ), when the sample is big as in the case of the DIMDI dataset.
Handling of multiple diagnoses (double diagnoses): definition of type 1 and type 2 diabetes as well as further diagnoses of diabetes
Unspecified diabetes mellitus E14.-was frequently diagnosed in combination with type 2 diabetes mellitus (E11.-). E14.-diagnoses were defined as type 2 diabetes mellitus, if E11.-diagnoses were made as well in the remaining quarterly periods. The combination of the codes E14.-and E10.-resulted in the definition of type 1 diabetes. Double diagnoses from the areas E10.-and E11.-(type 1 and type 2 diabetes mellitus) also occurred. Incorrect processes at various points of data acquisition (for example at the point of data transfer or directly during data entry into medical software) as well as changes of diagnosis after more precise specification may be responsible for this. Since the majority of these double diagnoses of type 1 and type 2 diabetes mellitus probably refer to cases of type 2 diabetes, the frequency of these unclear diagnoses was assessed using sensitivity analyses or both diagnoses were integrated in the overall diagnosis of diabetes mellitus.
